McColm and McHardy
reported that tylosin demonstrated antimalarial activity against P. falciparum strain Liverpool (IC 50 ¼ 0.1 mg ml À1 ). However, there have been no subsequent reports concerning the antimalarial activity of tylosin or its derivatives. In this short note, we report that novel C-9 oximes of desmycosin express antimalarial activity against chloroquine-resistant P. falciparum K1 10 malaria parasites.
The removal of mycarose from tylosin can be accomplished under mild acidic hydrolysis to give desmycosin, a known minor component in the fermentation broth of the tylosin-producing strain. 11 The antimicrobial activity of desmycosin is potent but slightly lower than that of tylosin, but it has almost no efficacy in vivo when given orally. 11 Likewise, C-9 oxime derivatives of tylosin and desmycosin have been evaluated in bioassays, but did not show better antimicrobial activity than tylosin. 12 Our work on tylosin analog synthesis produced C-9 oximes of desmycosin (3, 6 and 7), prepared from dimethoxydesmycosin (1) 13 by oxime formation with corresponding hydroxylamines HCl 14 and acid hydrolysis of dimethoxyacetal moiety in good yields, respectively. These analogs showed antimicrobial activities, similar to or slightly lower than that of desmycosin, (Scheme 1, Table 1 ). We specifically tested for antimalarial activity in all new analogs derived from tylosin. Moreover, as the discovery of the antimicrobial alkyne-bearing lead compounds (6 and 7) for antimicrobial activities, our efforts have focused on the preparation of new analogs in this series utilizing 'click chemistry' , which provides an important approach for simple and rapid evaluation of functional activity. The concept of 'click chemistry' was originally introduced by Kolb, Finn and Sharpless in 2001. 15 It incorporates powerful and selective reactions for efficient synthesis of interesting compounds and combinatorial libraries through heteroatom links. The advantages of 'click chemistry' in biological studies of macrolides have recently been clearly demonstrated in our laboratory. 16, 17 The alkyne-bearing oximes (6 and 7) are intermediates allowing generation of targeted triazole compounds. Anti-selective triazole formation was carried out with a catalytic amount of Cu(MeCN) 4 PF 6 and tris-(benzyltriazolylmethyl)amine (TBTA) 18 in MeOH at room temperature to afford the corresponding triazoles (8a-e and 9a-c) in good yields, respectively (61-100%, see Supplementary Information; for example, compound 9a was 61% yield) (Representative example (Compound 9a); To a solution of compound 7 (5.2 mg, 6.1 mmol) in MeOH was added 3-azidequinoline (2.2 mg, 12.9 mmol), TBTA (0.04 mg, 0.75 mmol), Cu[Me(CN) 4 ]PF 6 (0.01 mg, 0.027 mmol ) and a small piece of Cu(0) turning in MeOH (0.5 ml) at room temperature, and the resulting mixture was stirred for 20 h. After removing of Cu (0) 
found m/z: 1023.5643.). The efficiency of the present 'click chemistry' process allowed the preparation of each triazole candidates with sufficient purity for in vitro antibacterial and antimalarial testing as shown in Table 1 .
In in vitro tests using Staphylococcus aureus and Enterococcus faecalis, O-(3-quinolyltriazolylmethyl)oxime (8a) and O-phenylthiomethyltriazolyloxime (8c) were effective against both strains with MICs of 0.5-1 mg ml À1 , similar to results obtained with the alkynebearing oximes (6 and 7) . No superior analogs were found from this triazole series with respect to antibacterial properties. However, we obtained results for antimalarial activity in vitro that were different from what we expected. Although all C-9 oxime analogs (3, 6 and 7) showed no activity against the P. falciparum K1 strain, the newly synthesized triazoles demonstrated effective antimalarial properties. Our analysis indicated that the 3-quinolyltriazole function on the desmycosin framework is a promising structure responsible for expression of antimalarial activity in vitro (IC 50 ¼ 0.7-2.0 mg ml À1 ). The cytotoxicity of triazole analogs were measured by colorimetric 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay with human MRC-5 cells. 10 All new analogs (8a-e, 9a and 9b) showed comparatively low cytotoxicity with IC 50 value of 43-4100 mg ml À1 , except for thioether (9c), and Selectivity Indexes (cytotoxicity [IC 50 for the MRC-5 cell]/ antimalarial activity [IC 50 for the K1 strain]) of these analogs were promising. Furthermore, the in vivo antimalarial activity of 9a and 9c per s.c. (conducted by using a rodent malaria-derived P. berghei strain according to the 4-days suppressive test established by Peters and co-workers) 10, 19, 20 was evaluated. Test compounds (9a and 9c) were solubilized in 10% DMSO-0.5%Tween 80 aqueous solution, each 30 mg kg À1 of which were administered s.c. to mice 2 h after the infection (Day 0) and once a day for three consecutive days (Days 1-3) . One day after the last treatment (Day 4), thin blood films were made from the tail blood of mice, and the parasitaemia was determined. The results showed 67% and 51% inhibition of parasite growth, respectively (data not shown).
In conclusion, we have described a highly efficient approach to the synthesis of modular type analogs at C-9 of desmycosin through the use of 'click chemistry' . The triazole-possessing analogs of desmycosin turned out to be potent antimalarial agents. Based on these findings, further structural optimization and structure-activity relationship studies of this class of compounds are currently in progress. 
